A study on the nest-site preference of the Black-billed Magpie Pica pica sericea was conducted in northeastern Saga City, northern Kyushu, Japan. In first nesting, the proportion of magpie nests on utility poles was significantly greater than expected from random nesting. However, the proportion of nests on utility poles in repeat nesting decreased in comparison to first nesting. Incomplete nests occurred more frequently in trees than on utility poles, suggesting that, if they selected trees, magpies carried nest material to more locations before settling on a suitable nest site. Pairs nesting on utility poles achieved higher nesting success than those nesting in trees. The percentage of complete magpie nests on utility poles increased from 41% in 1991 to 55% in 1994. Nesting on utility poles may be among the possible reasons for the recent geographic expansion of magpies in Japan.
Nest-site selection is closely related to fitness in birds. Considerable variation exists among nest sites in types of qualities such as vulnerability to predation, exposure to inclement weather, and proximity to food resources. Because predation is the major cause of nesting failure (MARTIN 1992) , it is important for birds to select safe nest sites. Nest concealment or inaccessibility to predators may enhance breeding success, but there have been conflicting conclusions among studies (e.g. DUNHAM 1990 , GAWLIK & BILDSTEIN 1990 , HOLWAY 1991 , LAUBHAN & REID 1991 , KELLY 1993 , NORMENT 1993 , BADYAEV 1995 .
The Black-billed Magpie Pica pica inhabits a variety of habitats ranging from open ground to urban locations (BIRKHEAD 1991) . Magpies usually build their domed nests in trees; occasionally, they build nests on man-made structures such as utility poles, towers, and disused cranes (BIRKHEAD 1991 , KAVANAGH et al. 1991 . As well, studies have revealed that Black-billed Magpies prefer nesting trees with dense canopy, which presumably provides protection against both nest predation and bad weather (TATNER 1982 , DHINDSA et al. 1989 ). However, no study investigating the relationship between nest-site quality and breeding success appears to have been conducted. In Japan, the Black-billed Magpie P. p. sericea inhabits a very restricted region in northern Kyushu, the southern major island. In this region, it has achieved relatively high nesting densities, exceeding 20 pairs per km2 in some areas (EGUCHI & TAKEISHI 1996) . This Black-billed Magpie builds its nests on the most available trees, apparently without preference for paticular species (TAKEISHI & EGUCHI 1994) . On the other hand, nesting on utility poles has increased in recent years (SAGA PREFECTURE 1990) . The purpose of this study reported here was to investigate (1) whether magpies preferred utility poles to trees for nesting, and (2) whether nesting on utility poles was related to nesting success.
STUDY AREA AND METHODS
The study was conducted in northeastern Saga City (33* 18'N, 130* 18'E), northern Kyushu, Japan. The study area comprised approximately 16 km' of cultivated land, consisting entirely of paddy fields with scattered patches of human habitations. The elevation of this area ranges from 5 m to 20 m. Nest density is moderate (13.8-19.5 nests per km2 between 1992 and 1994; EGUCHI & TAKEISHI 1996) .
This study consisted of three parts. First, during the period from 1989 to 1994, I examined the annual change in the proportion of nests built on utility poles. From March to May during these years, I searched for nests weekly, plotted them on a 1: 5000-scale map, and recorded the substrate type (tree species or man-made structures) on which nests were placed. Magpies in the study area tended to breed at domed nests ("complete nests"), a finding that differed from studies of magpie populations elsewhere (cf. BIRKHEAD 1991). Undomed, or "incomplete nests" had no lining in them. It appeared likely that the undomed nests we observed were either in the process of being built or had actually been abandoned.
Second, I examined nesting success from 1992 to 1994. I considered a nest to be successful if at least one chick fledged. Nests were checked weekly or bi-weekly to determine if chicks fledged. Some nests were checked by climbing (see EGUCHI 1995); other nests were checked from the ground. Because there was no statiscally significant difference in nesting success between nests checked by climbing and nests checked from the ground (*2=0.98, df=1, P>0.10), the two categories were collapsed into the single category "nests in trees" for analysis.
Third, in order to examine preference for trees or utility poles in 1991 and 1993, I determined nest-site selection using suggestions from TATNER (1982) . I chose 106 nests (76 nests in trees and 30 nests on utility poles) at random from the overall study area, avoiding concentration at particular places. I did not, however, allocate according to the proportion of both nest-site types. Within a 100 m radius of a nest, I recorded the nearest ten available nest sites (i.e., trees 5 m or higher and utility poles including utility pylons). The average distance between nearest neighbor nests in a study by TAKEISHI (1993) was 78.5 m in high density areas and 161.2 m in low density areas. And, TAKEISHI & EGUCHI (1994) found that magpies seldom nest in trees less than 8 m in hight. On the basis of these findings, the limitation in range and tree height for sampling nest-sites in this study seemed appropriate. If there were less than ten nest sites within 100 m, all nest sites were counted. Because magpies avoid nesting in forests (SAGA PREFECTURE 1990, pers. obs.), I omitted from the study all nests adjacent to forests. All data were combined to calculate the availability of trees and utility poles.
Utility poles were distributed rather uniformly, while trees often showed a patchy distribution.
This may have resulted in smaller number of utility poles around a given nest. It is possible, however, that combining data, by using the method described above for testing nest-site preference, may mask individual Nesting on Utility. Poles by Magpies 103 differences and cause overestimation of the preference for utility poles. Therefore, a second method for testing preference for nest sites was used. I assigned an individual nest as "preferred" if it differed in type from the majority of nest sites around it. For example, if a nest was built on a utility pole in an area where utility poles were fewer in number than were trees, the utility pole was identified as a "preferred" site. I summed the cases of "preferred" for each nest-site type, and then compared the proportion of "preferred" cases between utility pole and tree.
In this paper, data from first nests were used unless stated otherwise.
RESULTS
Nesting on utility poles has been increasing in the study area since 1991, according to data including incomplete nests (Fig. 1) . The proportion of complete nests on utility poles was somewhat larger than that of all nests (both complete and incomplete) on utility poles. During the period 1991-1994, the percentage of complete nests on utility poles increased from 41% to 55%.
In total, 728 trees (80%) and 186 utility poles (20%) were recorded in the vicinity of the 106 randomly-selected nests in 1991 and 1993. These comprised the available nest sites in this study. Of the 439 nests in the study area, 231 (53%) were located in trees and 208 (47%) were located on utility poles. More nests were built on utility poles than would be expected if magpies nested at random (Table 1) . Preference for nesting on utility poles was observed in both years (*2=101.9, df=1 in 1991 and *2=103.8, * The number of complete first nests built in 1991 and 1993. The proportion of nests on utility poles was significantly greater than expected (*2=204.7, of =1 , P<0.0001). df=1 in 1993; P<0.0001 in both cases).
Among the 106 nests examined, 19 of 30 nests on utility poles and 7 of 76 nests in trees were assigned as "preferred". The proportion of "preferred" cases was significantly higher in nests on utility poles than in those in trees (* 2=31.18, of = 1, P<0.001). From 1992 to 1994, 67 pairs rebuilt nests near their first nests after breeding failure. In repeat nesting, 79% (22 of 28) of pairs who had built their first nests on utility poles changed nest-site type, while 28% (11 of 39) of pairs who had nested in trees did so. A significantly higher proportion of pairs were on utility poles and 50 (75%) were in trees. The percentage of incomplete nests was 32%, 31% and 25%% of all nests built in 1992, 1993 and 1994, respectively. The proportion of incomplete nests was significantly lower on utility poles than in trees: 105 of 436 (24%) nests on utility poles and 170 of 495 (34%) nests in trees (*2=6.08, df=1, P<0.05).
Overall nesting success was very low; only 19% (110 of 572) of the total number of complete nests checked were successful during the period from 1992 to 1994. Nesting success, however, was significantly higher on utility poles than in trees (*2=12.84, df=1, P<0.001; Fig. 2 ).
DISCUSSION
Magpies preferred utility poles to trees for nesting and experienced a higher nesting success on utility poles than in trees. In northern Saga City, predation accounts for more than 80% of nesting failure, major predators being Comas crows and, in some cases, ground predators such as domestic cats Felis catus, Siberian weasels Mustela sibirica and snakes Elaphe climacophora (EGUCHI 1995) . A nest on a utility pole made of concrete may be free from mammalian predators because of the pole's smooth surface, thus contributing to the higher nesting success. Moreover, nests on utility poles are probably easier to defend from crows than those in trees. Crows that approached nests on utility poles were often attacked and struck by magpies, which to some extent was an effective behavior. On the other hand, bulky branches prevented magpies defending nests in trees from attacking nest predators. Surrounded by thick foliage, magpies only uttered alarm calls or showed displacement behaviour, such as pecking on a branch.
With magpies, as with other birds, it has been claimed that nest concealment is an important factor in nest-site selection (DHINDSA et al. 1989 , HOLWAV 1991 , KELLY 1993 , NORMENT 1993 , BADYAEV 1995 . Nest visibility, however, was much higher on utility poles than in trees, particularly after mid-April when deciduous trees leafed out. Nevertheless, utility poles were the preferred nesting sites. Hence, nest concealment did not appear to influence nest-site preference of Japanese magpies, in contrast to Canadian magpies (DHINDSA et al. 1989) . This assumption is supported by the fact that magpies did not prefer evergreen trees, even though they offered higher concealment than did deciduous trees (TAKEISHI & EGUCHI 1994) .
Magpies prefer utility poles for nesting probably because of the higher nesting success. In addition, uniformity in structure among poles may also facilitate this preference. A tree has a more complicated structure than a utility pole and has great variations in quality for nest-site location, not only among different places in a tree but also among different trees. Therefore, it would appear to be more difficult for magpies to find suitable places for nesting in trees than on a utility pole. Because more incomplete nests were built in trees than on utility poles, a pair presumably had to bring nest materials to several trees before finally finding a suitable nest site. As a consequence, it is likely that more time is necessary to complete a nest when a tree is selected for nesting rather than a utility pole. Despite the higher nesting success with utility poles, pairs that failed in their first nesting did not always prefer to nest on utility poles in repeat nesting. The percentage of nests located on utility poles decreased in repeat nesting to about 25%, close to the proportion of available utility poles, which suggests that they selected nests at random. Though nesting in trees was clearly less successful, the abundance of trees predicted the liklihood of their being more frequently chosen. The increase of nest location on utility poles by magpies was seen throughout its range of distribution in Japan. For example, the percentage of magpie nests on utility poles was less than 10% in 1975 and increased to about 65% in 1989 (SAGA PREFECTURE 1990 . Before the 1980s, the proportion of magpie nests on utility poles was low (SAGA PREFECTURE 1990, H. Kuso pers. comm.) . In those earlier years, the utility poles had only one crossarm, and thus were not suitable for nesting magpies to place nest materials on them. Nowadays, however, a utility pole has more crossarms and lines, and, accordingly, provides magpies with good nest-sites. Though magpies use large trees for nesting, they avoid large forests (SAGA PREFECTURE 1990, pers. obs.) , and these forests may act as a geographic barrier. Nesting on utility poles enabled magpies to expand not only to areas where large trees were scarce, as in the case of reclaimed lands, but also to areas where forests had been cleared for human habitation.
Increased nesting on utility poles may be one of the reasons why the number of Japanese magpies has been increasing and their range has been expanding in recent years. However, even on utility poles nest predation was very high and the difference in depredation rates between nest-site types was not large. This likely accounts for the fact that the increase of nesting on utility poles was gradual. 
